Abstract-Three stages of visual processing determine how internal noise appears to an external observer: light adaptation, contrast gain control and a postsensory/decision stage. Dark noise occurs prior to adaptation, determines dark-adapted absolute thresholds and mimics stationary external noise. Sensory noise occurs after dark adaptation, determines contrast thresholds for sine gratings and similar stimuli, and mimics external noise that increases with mean luminance. Postsensory noise incorporates perceptual, decision and mnemonic processes. It occurs after contrast-gain control and mimics external noise that increases with stimulus contrast (i.e., multiplicative noise). Dark noise and sensory noise are frequency specific and primarily affect weak signals. Only postsensory noise significantly affects the discriminability of strong signals masked by stimulus noise; postsensory noise has constant power over a wide spatial frequency range in which sensory noise varies enormously.
INTRdDUCTION
Bandpass filtering refers to the processing of images or sounds so that they contain only a narrow range-typically one or two octaves-of component frequencies. In audition, bandpass filtering is used to create stimuli that stimulate only a small portion of the basilar membrane. By studying psychophysical responses to stimuli filtered in different bands, information processing mediated by each portion of the basilar membrane can be studied.
In vision, the aim of bandpass filtering is to create stimuli that stimulate only one or a small number of the visual channels that operate in parallel to process visual stimuli. Ideally, stimuli filtered in high frequency bands would stimulate only receptors (channels) with small receptive fields. Stimuli filtered in low frequency bands would stimulate only channels that have large receptive fields. (The term channel is used here to designate an information processing system characterized by receptors of a particular size.) As in audition, there is substantial interest not only in how stimuli that are confined to a single band are processed, but also in how information from stimuli in different bands is perceptually combined.
With the advent of affordable graphics processors, bandpass filtering has become an increasingly widespread stimulus manipulation in vision. Working with bandpassed stimuli raises to the fore some important issues that are the subject of this article. With hindsight, we see, as usual, that some of these issues have been confronted before, but consideration of bandpassed stimuli offers important new insights. In other cases, new stimuli and procedures raise new questions and offer new opportunities. This paper coordinates data that have emerged from paradigms that utilize bandpass filtered stimuli together with a variety of other data in order to arrive at some general principles of sensory information processing.
VISUAL NOISE AT THREE STAGES OF PROCESSING
Consider first a study that was originally designed to determine whether image spatial frequencies or object spatial frequencies were critical for object discrimination. Parish and Sperling (1987a,b) filtered individual capital letters in five different spatial frequency bands (Fig. 1) . They studied the role of three factors in the ability of subjects to identify these letters when they were embedded in noise: (1) the signal-to-noise ratio, (2) the object-relative spatial frequency band in which the letters-plus-noise were filtered and (3) the viewing distance (which determined retinal spatial frequency).
They found that identification accuracy was independent of viewing distance over a range of more than 30 : 1. In this wide range, retinal spatial frequency did not matter in determining recognition accuracy; only object spatial frequency mattered. On the other hand, visual sensitivity to sine gratings at threshold varies enormously within the same range of retinal frequencies. In this section, we examine sine-grating detection and letter discrimination in order to define the various sources of noise that limit visual performance.
Additive and multiplicative noise
We consider two kinds of noise: additive noise and multiplicative noise. The term additive noise is used here to denote a stationary noise source that ts independent of the signal and is added to the signal. Additive noise can be overcome by increasing 
